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03D )XUWKHUPRUH - KDV D KLJK
WHPSHUDWXUHSHUIRUPDQFHVLPLODUWRWKRVHRI-%.9,Q,QDQG,QDQGFDQEHXVHGDVDKLJK
WHPSHUDWXUHDOOR\/LHWDO
:LWK WKH UDSLG GHYHORSPHQW DQG SURJUHVV RI VFLHQFH DQG WHFKQRORJ\ LQ WKH QXFOHDU LQGXVWU\ DHURVSDFH
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7KHUHIRUHGLVVLPLODUPHWDOZHOGLQJRI
+5DQG-ZKLFKFRPELQHVWKHKLJKVWUHQJWKRISUHFLSLWDWLRQKDUGHQLQJVWDLQOHVVVWHHO-DQGWKHORZFRVWRI
+5 KDV EHHQ SURSRVHG WRPHHW WKH SHUIRUPDQFH UHTXLUHPHQWV RI KLJK DQG ORZWHPSHUDWXUH K\GURJHQ VWRUDJH
PDWHULDOV7KHKLJKVWUHQJWKRI-LVEHFDXVHRIWKHSUHVHQFHRIWKH1L$O7LSKDVHLHȖ
7KHȖ
SUHFLSLWDWHV
GXULQJ DJLQJ KDYLQJ D FRKHUHQW UHODWLRQVKLSZLWK D VXEVWUDWH =KDR DQG5RQJ 7KH VWUHQJWK DQGK\GURJHQ
UHVLVWDQFH SHUIRUPDQFH RI WKLV DOOR\ GHSHQG XSRQ WKH VL]H DQG GLVWULEXWLRQ RI Ȗ 
 %\ FRQWUROOLQJ WKH VL]H DQG
GLVWULEXWLRQRI Ȗ 
ZKLFKGHSHQGVRQ FRKHUHQF\ VWUDLQ DQG Ȗ 
 SDUWLFOHRUGHULQJ LW LV SRVVLEOH WR DYRLGRYHUDJLQJ
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ȘSKDVH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DQGKDVDVLJQLILFDQWLQIOXHQFHRQWKHZHOGLQJTXDOLW\7KHUHDUHWZRNLQGVRISRUHVLQODVHUZHOGLQJWKHILUVWNLQGLV
JHQHUDWHGE\ WKHFU\VWDOOL]DWLRQPHWDOOXUJLFDO UHDFWLRQDQG WKHRWKHUNLQGNH\KROHLQGXFHGSRUHV LVJHQHUDWHGE\
WKHLQVWDELOLW\DQGFROODSVHRINH\KROHV0DQ\UHVHDUFKHUVDQGHQJLQHHUVKDYHGHYHORSHGVHYHUDOHIIHFWLYHPHWKRGV
IRU VXSSUHVVLQJSRUHV LQ WKH ODVHUZHOG7KHVHPHWKRGV LQFOXGH WKHGRXEOH VSRWZHOGLQJ +DERXGRXHW DO 
EHDPRVFLOODWLRQ.UDHW]VFKHWDOODVHUSXOVHPRGXODWLRQRIWKHZDYHIRUPDQGIUHTXHQF\.DZDJXFKLHWDO
ODVHUDUFK\EULGZHOGLQJ/LXHWDO8FKLXPLHWDOJDVMHWDVVLVWHGODVHUZHOGLQJ)DEEURHWDO
.DPLPXNLHWDO6KHQHWDODQGODVHUZHOGLQJXQGHUYDFXXP.DWD\DPDHWDO+RZHYHU
WKHHIIHFWRIZHOGLQJSRVLWLRQVRQSRURVLW\KDVEHHQUDUHO\LQYHVWLJDWHGLQODVHUZHOGLQJ
,QWKLVVWXG\GLVVLPLODUODVHUZHOGLQJRI+5DQG-ZDVSHUIRUPHG7KHPLFURVWUXFWXUHDQGWHQVLOHVWUHQJWKRI
WKH ZHOGHG MRLQWV ZHUH DOVR H[DPLQHG 7KH SRURVLW\ GLVWULEXWLRQ RI WKHZHOGHG MRLQWV LV GLVFXVVHG LQ GHWDLO ZLWK
GLIIHUHQWZHOGLQJSRVLWLRQVDQGGLIIHUHQWOLQHHQHUJLHV
0DWHULDOVDQGH[SHULPHQWDOSURFHGXUHV
2.1. Materials 
7KH - DQG+5 VWDLQOHVV VWHHO VSHFLPHQVZLWK D WKLFNQHVV RIPPZHUH XVHG LQ WKLV VWXG\7KH FKHPLFDO
FRPSRVLWLRQRIWKH-DQG+5VSHFLPHQVDUHJLYHQLQ7DEOH
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ZW
 & 6L 0Q 6 3 &U 1L 1 0R $O 7L 9 )H
+5 İ İ a İ İ a
a

a
 ü ü ü ü
7KH
RWKHU
- İ a  İ İ a a ü
a

a

a

a

7KH
RWKHU
408   Xianfeng Shen et al. /  Physics Procedia  83 ( 2016 )  406 – 416 
7KHR[LGHOD\HUVRIWKHVSHFLPHQVZHUHUHPRYHGE\PDQXDOSROLVKLQJ7KHVXUIDFHRIWKHVSHFLPHQVZDVFOHDQHG
ZLWKDFHWRQHEHIRUHZHOGLQJWRUHPRYHFRQWDPLQDWLRQV3ULRUWRWKHODVHUZHOGLQJWKH-VSHFLPHQVZHUHSUHSDUHG
E\ WZR W\SHV RI KHDW WUHDWPHQWV RQH ZDV VROXWLRQLVHG DQG WKH RWKHU ZDV VROXWLRQLVHG DQG DJHG WUHDWPHQW 7KH
ZHOGHGMRLQWVXQGHUWKHDVZHOGHGFRQGLWLRQVZHUHXVHGIRUH[DPLQLQJWKHPLFURVWUXFWXUHDQGPHFKDQLFDOSURSHUWLHV
2.2. Experimental procedures 
$&2FRQWLQXRXVZDYHODVHU'&ZLWKDPD[LPXPODVHUSRZHURIN:ZDVXVHGLQWKHH[SHULPHQWV7KH
ODVHUEHDPZDVIRFXVHGRQWKHZRUNSLHFHVXUIDFHXVLQJDOHQVRIPPIRFDOOHQJWK7KLVLVQRWYHU\FOHDU'R\RX
PHDQ$QDUJRQ MHWZDVXVHG DV WKH VKLHOGLQJJDVZLWK DSUHVVXUHRI03D7KHDUJRQJDVSDVVHG WKURXJKD
QR]]OHZLWKDGLDPHWHURIPP7KHQR]]OHZDVSODFHGDWDQLQFLGHQWDQJOHȖRIDURXQGDQGDWDKHLJKWRI
PP$PRQRFKURPHKLJKVSHHGFDPHUD0RGHO&/;2SWURQLV&DPH5HFRUG*HUPDQ\ZLWKDVSHHGRI
IUDPHVSHUVHFRQGDQGDIXOOUHVROXWLRQRIîZDVXVHGWRPRQLWRUWKHZHOGLQJSURFHVV7KHVSHHGRIWKLV
FDPHUDZDVHYHQKLJKHUDW ORZHU UHVROXWLRQV$ ILEUH ODVHUZLWKDZDYHOHQJWKRIQPDQGDPD[LPXPRXWSXW
SRZHURI:ZDVHPSOR\HGDVWKHLOOXPLQDWLRQVRXUFHWRREWDLQWKHGHVLUHGLPDJHVRIWKHPROWHQSRRO
7KH*IODWRUGRZQKDQG LH ODVHUEHDPZDVGLUHFWHG WRZDUGV WKHHDUWK*KRUL]RQWDO LH ODVHUEHDPZDV
KRUL]RQWDOWRWKHHDUWKVXUIDFHDQG*YHUWLFDOXSRUYHUWLFDOGRZQLHODVHUEHDPZDVYHUWLFDOWRWKHHDUWKVXUIDFH
SRVLWLRQVZHUHHPSOR\HGLQWKHZHOGLQJH[SHULPHQWV7KHH[SHULPHQWDOVHWXSRIWKHODVHUZHOGLQJLVVKRZQLQ)LJ
DQGWKHZHOGLQJGLUHFWLRQZDVFRPLQJRXWRIWKHSDSHULQWKH*SRVLWLRQDVVKRZQLQ)LJE7KHYHUWLFDOXS
3)*DQGYHUWLFDOGRZQ3**SRVLWLRQVDUHVKRZQLQ)LJFDQGG


)LJ([SHULPHQWDOVHWXSRIODVHUZHOGLQJZLWKDIODWSRVLWLRQ*EKRUL]RQWDOSRVLWLRQ*FYHUWLFDOXS3)*DQGGYHUWLFDOGRZQ
3**
$IWHUWKHZHOGLQJH[SHULPHQWVWKHSRURVLW\GLVWULEXWLRQRIWKHZHOGHGMRLQWVZDVH[DPLQHGE\XVLQJ;UD\DQG
FRPSXWHUL]HG WRPRJUDSK\ &77KHQ WKHZHOGHG VSHFLPHQVZHUH FURVVVHFWLRQHGXVLQJ DEUDVLYH FXWWLQJEODGHV
7KHVDPSOHVZHUHJURXQGDQGPHWDOORJUDSKLFDOO\SROLVKHGIROORZHGE\HOHFWURHWFKLQJLQDVROXWLRQRIR[DOLF
DFLGIRUWKHPDFURVFRSLFH[DPLQDWLRQVZLWKDQ$[LR2EVHUYHU$PRSWLFDOPLFURVFRSH7KHWHQVLOHVWUHQJWKRIWKH
ZHOGHGMRLQWVZDVHYDOXDWHGE\XVLQJWKH&07WHVWLQJPDFKLQHDQG&KDUS\SHQGXOXPLPSDFWE\XVLQJ-%&
%HOHFWURQLFG\QDPRPHWHULPSDFWWHVWLQJPDFKLQH
5HVXOWV
3.1. Microstructure 
7KHPLFURVWUXFWXUHRIWKHDVZHOGHGMRLQWVRIWKHVROXWLRQLVHG-DQG+5LQGLIIHUHQW]RQHVLVVKRZQLQ)LJ
7KHPLFURVWUXFWXUH RI WKH EDVHPDWHULDO RI+5ZDV FKDUDFWHULVHGE\ WKH REYLRXV DXVWHQLWH JUDLQ ERXQGDULHV DV
VKRZQ LQ)LJ D7KHFROXPQDUFU\VWDOV JUHZHYLGHQWO\SHUSHQGLFXODU WR WKH IXVLRQ OLQHEHWZHHQ WKH+5EDVH
PHWDODQGWKHIXVLRQ]RQHV)LJE7KHJURZWKFROXPQDUFU\VWDOPHWDWWKHFHQWUDOSRUWLRQRIWKHIXVLRQ]RQH7KH
HTXLD[LDOFU\VWDOVZHUHIRXQGLQWKHWRSSDUWRIWKHIXVLRQ]RQHIRUDEHWWHUDLUFRROLQJFRQGLWLRQWKURXJKWKHZHOG
 Xianfeng Shen et al. /  Physics Procedia  83 ( 2016 )  406 – 416 409
VXUIDFH)LJF7KHSUHFLSLWDWLRQDQGDJJUHJDWLRQRIWKHVHFRQGSKDVHZDVREVHUYHGLQWKHKHDWDIIHFWHG]RQHRI
-)LJG7KHPLFURVWUXFWXUHRIWKH-EDVHPDWHULDOLVVKRZQLQ)LJH


 
)LJ&URVVVHFWLRQDOPLFURVWUXFWXUHRIZHOGHGMRLQWVLQODVHUZHOGLQJRI+5DQG-E\XVLQJRSWLFDOPLFURVFRS\ZLWKDEDVHPHWDORI+5
EKHDWDIIHFWHG]RQHDORQJWKHERXQGDU\RI+5FIXVLRQ]RQHGKHDWDIIHFWHG]RQHDORQJWKHERXQGDU\RI-HEDVHPHWDORI-
3.2. Macrostructure & weld shapes 
7KH FURVVVHFWLRQDO PDFURVWUXFWXUHV RI WKH +5 DQG - VDPSOHV ODVHUZHOGHG DW GLIIHUHQW OLQH HQHUJLHV DQG
GLIIHUHQWZHOGLQJSRVLWLRQVDUHVKRZQLQ)LJ,WZDVREVHUYHGWKDWWKHFURVVVHFWLRQVKDSHVRIWKHZHOGHGMRLQWV
GHSHQGHG JUHDWO\ RQ WKH OLQH HQHUJLHV 7KH ZHOG ZLGWK DW WKH WRS VXUIDFH DQG XSSHU SDUW RI WKH ZHOGHG MRLQWV
LQFUHDVHGZLWK WKHJURZWKRI OLQH HQHUJ\ DW WKH* IURP)LJ  DZLWKKLJKHUSRZHU DQG VSHHG WR)LJ EZLWK
KLJKHUSRZHUDQGVSHHGDQG*IURP)LJVFDQGGSRVLWLRQVZKLOHWKHZHOGZLGWKDWWKHERWWRPVLGHDQGORZHU
SDUWUHPDLQHGFRQVWDQW7KHVHZHOGSURILOHVPD\EHDVVRFLDWHGZLWKWKHGZHOOWLPHIORZEHKDYLRXUVRIWKHPROWHQ
SRRO DQGGLIIHUHQWNH\KROH VKDSHV7KHKLJKHU OLQHHQHUJ\DQG ORQJHUGZHOOWLPHRI WKHPROWHQSRRO OHDG WRKHDW
WUDQVIHUWRWKHIDUWKHUDUHDVE\WKHFRQYHFWLRQRIWKHOLTXLGPHWDODQGVXEVHTXHQWVROLGLILFDWLRQWRDELJJHUµFDS¶RI
ZHOGMRLQWV
7KH ZHOG FURVVVHFWLRQ SURILOH ZDV V\PPHWULF DW ORZHU OLQH HQHUJLHV DQG DW WKH * SRVLWLRQ ZKLOH LW ZDV
DV\PPHWULFDWKLJKHUOLQHHQHUJLHV7KLVFDQEHDWWULEXWHGWRWKHHQKDQFHGHIIHFWVRIJUDYLW\RIWKHPROWHQSRROIRU
ORQJHUGZHOOWLPHRIWKHOLTXLGPHWDO
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3.3. Porosity distribution of welded joints  
3DUWLDOSHQHWUDWLRQVWDWXV
7KHSRURVLW\GLVWULEXWLRQRIWKHZHOGHGMRLQWVEHWZHHQWKHVROXWLRQLVHGDQGDJHG-DQG+5ODVHUZHOGHGDW
YHUWLFDOXS*SRVLWLRQZLWKSDUWLDOSHQHWUDWLRQZHUHLQVSHFWHGE\XVLQJFRPSXWHUL]HGWRPRJUDSK\DQGWKHUHVXOWV
ZLWKGLIIHUHQWYLHZVDUHVKRZQLQ)LJ6LQFHLWLVJHQHUDOO\EHOLHYHGWKDWWKHZHOGLQJMRLQWVZLWKSDUWLDOSHQHWUDWLRQ
KDYHPRUHSRUHVWKDQWKRVHZLWKIXOOSHQHWUDWLRQWKHSDUWLDOSHQHWUDWLRQRIWKHZHOGHGMRLQWVZDVREWDLQHGE\XVLQJ
VXLWDEOH SDUDPHWHUV ODVHU SRZHU RI  : DQG ZHOGLQJ VSHHG RI  PPPLQ  WR DVFHUWDLQ WKH SRURVLW\
GLVWULEXWLRQ7KHSRUHVZHUHORFDWHGDWWKHZHOGFHQWUHOLQHWRSYLHZ)LJD+HUH+5ZDVDOLWWOHGDUNHUWKDQ
-DV-EORFNVPRUH;UD\GXHWRKLJKHUGHQVLW\$VIRUWKHVLGHYLHZWKHSRUHVZHUHVLWXDWHGDWWKHERWWRPRI
WKHMRLQWVDVVKRZQLQ)LJVEDQGFLQGLFDWLQJWKDWWKHVHSRUHVZHUHIRUPHGE\WKHNH\KROHLQVWDELOLW\DQGZHUH
WKHQWUDSSHGE\WKHKLJKVROLGLILFDWLRQVSHHGRIWKHODVHUZHOGLQJ
7KHLPDJHVRIWKHPROWHQSRRODQGNH\KROHFDSWXUHGE\XVLQJWKHKLJKVSHHGFDPHUDIRUWKHVSHFLPHQVVKRZQLQ
)LJDUHVKRZQLQ)LJ,WFDQEHFOHDUO\VHHQWKDWDVHYHUHVODJZDVIORDWLQJRQWKHUHDUSDUWRIWKHPROWHQSRRO
ZKLFK LV ORFDWHGDV\PPHWULFDOO\DORQJ WKHFHQWUH OLQHRI WKHZHOGLQJ MRLQWV7KLVVODJZDVSURGXFHGE\ WKHDJLQJ
KHDWWUHDWPHQWRI-7KLVVODJFRXOGQRWEHHOLPLQDWHGWKRURXJKO\HYHQE\PDQXDOSROLVKLQJDQGDFHWRQHFOHDQLQJ
EHIRUHWKHZHOGLQJH[SHULPHQWV,WZDVDOVRIRXQGWKDWWKHZHOGLQJNH\KROHZDVUDWKHUVWDEOH


)LJ3RURVLW\GLVWULEXWLRQRIZHOGHGMRLQWVLQODVHUZHOGLQJDWYHUWLFDOXS*SRVLWLRQE\XVLQJ&7DWRSYLHZEVLGHYLHZ*FFURVV
VHFWLRQYLHZ
)LJ0DFURVWUXFWXUHRIFURVVVHFWLRQDODUHDLQODVHUZHOGLQJRI+5DQG-E\XVLQJRSWLFDOPLFURVFRS\ZLWKDODVHUSRZHU3Z
ZHOGLQJVSHHGvPPPLQ*SRVLWLRQE3ZvPPPLQ*SRVLWLRQF3ZvPPPLQ*SRVLWLRQG3
ZvPPPLQ*SRVLWLRQ
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
)LJ,PDJHVRIWKHPROWHQSRRODQGNH\KROHFDSWXUHGE\XVLQJWKHKLJKVSHHGFDPHUDIRUWKHWHVWSLHFHVKRZQLQ)LJ
)XOOSHQHWUDWLRQVWDWXV
7KHSRURVLW\GLVWULEXWLRQRIWKHZHOGHGMRLQWVEHWZHHQWKHVROXWLRQLVHGDQGDJHG-DQG+5ODVHUZHOGHGDW
WKH*SRVLWLRQZLWKIXOOSHQHWUDWLRQZDVLQYHVWLJDWHGE\XVLQJDQ;UD\UDGLRJUDSK)LJ,WFDQEHREVHUYHGWKDW
WKDWWKHZHOGHGJHVKDGPRUHSRUHVWKDQWKHZHOGFHQWUH
7KHLPDJHVRIWKHPROWHQSRRODQGNH\KROHFDSWXUHGE\XVLQJWKHKLJKVSHHGFDPHUDIRUWKHWHVWSLHFHVKRZQLQ
)LJDUHVKRZQLQ)LJ8QOLNH WKHFDVH LQ)LJ WKHXQVRGLILHGPXVK\VODJFRXOGEHFOHDUO\VHHQDURXQGWKH
XQFRYHUHGPROWHQSRROVXUURXQGLQJWKHNH\KROH7KHSRURVLW\GLVWULEXWLRQDORQJWKHZHOGHGJHVDWWKHVHSDUDPHWHUV
PD\EHEHFDXVHRIWKHPXVK\VODJDURXQGWKH]RQHVZKLFKWKHQUHVXOWVLQWKHEORFNDJHRIWKHRYHUIORZRIWKHSRUHV
RUVORZVGRZQWKHRYHUIORZUDWH


)LJ3RURVLW\GLVWULEXWLRQRIZHOGHGMRLQWVLQODVHUZHOGLQJE\XVLQJ;UD\UDGLRJUDSK\ODVHUSRZHU :DQGZHOGLQJVSHHG 
PPPLQDWWKH*SRVLWLRQ

)LJ,PDJHVRIWKHPROWHQSRRODQGNH\KROHFDSWXUHGE\XVLQJWKHKLJKVSHHGFDPHUDIRUWKHWHVWSLHFHVKRZQLQ)LJ
3.4. Porosity at different line energies and weld positions 
$VHULHVRIODVHUZHOGLQJH[SHULPHQWVZHUHFDUULHGRXWDWGLIIHUHQWOLQHHQHUJLHVDQGZHOGLQJSRVLWLRQV7KHOLQH
HQHUJLHVZHUHVHOHFWHGWRDWWHPSWDIXOOSHQHWUDWLRQZLWKDKLJKSRZHUDQGZHOGLQJVSHHGORZOLQHHQHUJ\PHGLXP
SRZHUDQGVSHHGPHGLXPOLQHHQHUJ\DQGORZSRZHUDQGVSHHGKLJKOLQHHQHUJ\7KLVLVEHFDXVHWKHGLIIHUHQW
FRPELQDWLRQVRIWKHSURFHVVLQJSDUDPHWHUVFDQUHVXOWLQWKHVDPHIXOOSHQHWUDWLRQLHE\XVLQJHLWKHUDKLJKHUSRZHU
DQGVSHHGRUDORZHUSRZHUDQGVSHHG7KH;UD\UDGLRJUDSKLPDJHVREWDLQHGIRUWKHODVHUZHOGLQJDWWKH*DQG
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*SRVLWLRQVDUHVKRZQLQ)LJ7KH;UD\UDGLRJUDSK\LPDJHVREWDLQHGIRUWKHODVHUZHOGLQJDWWKHYHUWLFDOXSDQG
YHUWLFDOGRZQ*SRVLWLRQVDUHVKRZQLQ)LJ
 
)LJ;UD\UDGLRJUDSKLFSRURVLWLHVRIGLIIHUHQWOLQHHQHUJLHVDW*DQG*SRVLWLRQV
7KHFRPSDULVRQEHWZHHQGLIIHUHQWOLQHHQHUJLHVIRUWKHODVHUZHOGLQJDWWKH*DQG*SRVLWLRQVVKRZHGWKDWDW
ORZDVVKRZQLQ)LJVDDQGGDQGPHGLXPOLQHHQHUJLHVDVVKRZQLQ)LJEDQGHSRURVLW\IUHHZHOGPHQWV
FRXOGEHREWDLQHG7KHVHZHOGPHQWVREWDLQHGDW ORZDQGPHGLXPOLQHHQHUJLHVZHUHJRRGHQRXJKWRPHHWFODVV,
ZHOGPHQWDFFRUGLQJWRWKHVWDQGDUG*%7UDGLRJUDSKLFH[DPLQDWLRQRIIXVLRQZHOGHGMRLQWVLQPHWDOOLF
PDWHULDOVZKLFK LV VLPLODU WR(1+RZHYHU WKHKLJK OLQH HQHUJLHV OHG WR DQ LQFUHDVHGSRURVLW\ UDWH DQG D
GHWHULRUDWHGZHOGDSSHDUDQFHDVVKRZQLQ)LJVFDQGI6XFKWUHQGVFDQEHDVVRFLDWHGZLWKWKHIDFWWKDWWKHKLJK
OLQH HQHUJ\ZLWK ORZ VSHHG DQGSRZHUKDVD ORQJHUGZHOOWLPHZKHUH WKH HIIHFWRIJUDYLW\RQ WKH OLTXLGPHWDO LV
DJJUDYDWHGZKLFKOHDGVWREDGZHOGLQJUHVXOWVDQGDYHU\ODUJHPROWHQSRROZKLFKLQWXUQUHVXOWVLQDEDGVKLHOGLQJ
RIJDVDQGKLJKHUSRURVLW\UDWH,WZDVDOVRIRXQGWKDWWKHSRURVLW\UDWHDWWKH*SRVLWLRQZDVVLPLODUWRWKDWDWWKH
*SRVLWLRQEXWZLWKGLIIHUHQWOLQHHQHUJLHV
7KHYHUWLFDOXSDQGYHUWLFDOGRZQSRVLWLRQ ODVHUZHOGLQJ WHVW UHVXOWVVKRZHGVLPLODU WUHQGVZLWK WKH LQFUHDVLQJ
OLQHHQHUJ\DWWKH*DQG*SRVLWLRQV)LJ7KHIXOOSHQHWUDWLRQRIPPWKLFN+5DQG-ZDVREWDLQHGZLWK
WKUHHGLIIHUHQWSURFHVVSDUDPHWHUVQDPHO\ WKH ORZ OLQHHQHUJ\SRZHU :DQGVSHHG PPPLQDV
VKRZQLQ)LJVDDQGGPHGLXPOLQHHQHUJ\SRZHU DQGVSHHG DVVKRZQLQ)LJVEDQGHDQG
KLJKOLQHHQHUJ\SRZHU DQGVSHHG DVVKRZQLQ)LJFDQGI7KHPHGLXPOLQHHQHUJ\LVSUHIHUUHG
E\ LQGXVWU\XVHUV IRUSURGXFLQJ D UHODWLYHO\ZLGHUZLGWK WKDQ WKDW REWDLQHG DW ORZ OLQH HQHUJ\7KHPHGLXP OLQH
HQHUJ\UHOLHYHVWKHVWULFWZHOGHGMRLQWVDOWKRXJKSRURVLW\IUHHFODVV,ZHOGVDFFRUGLQJWRWKHVWDQGDUG*%7
FDQEHDFKLHYHGDWWKHPHGLXPDQGORZOLQHHQHUJLHV$VIRUWKHKLJKOLQHHQHUJ\WKHSRURVLW\UDWHUHPDLQHG
ORZDQGWKHZHOGDSSHDUHGWREHURXJKRQWKHEDFNVLGHLQWKHYHUWLFDOXSSRVLWLRQDQGVOLJKWO\URRWVDJJLQJLQWKH
YHUWLFDOGRZQSRVLWLRQ7KLVPD\EHDWWULEXWHGWRWKHHQODUJHPHQWRIWKHPROWHQSRROGXULQJWKHODVHUZHOGLQJDWWKH
YHUWLFDOXSSRVLWLRQDQGWKHVKULQNDJHRIWKHPROWHQSRRODWWKHYHUWLFDOGRZQSRVLWLRQ


)LJ;UD\UDGLRJUDSKLFSRURVLWLHVDWGLIIHUHQWOLQHHQHUJLHVDWYHUWLFDOXSDQGYHUWLFDOGRZQ*SRVLWLRQV
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3.5. Mechanical properties of HR-2 and J75 
7KHPHFKDQLFDOSURSHUWLHVRIWKHODVHUZHOGHGMRLQWVRIWKHVROXWLRQLVHG-DQG+5ZHUHLQYHVWLJDWHGDQGWKH
WHVWUHVXOWVDUHJLYHQLQ7DEOH
7DEOH0HFKDQLFDOSURSHUWLHVRIWKHDVZHOGHGZHOGLQJMRLQWV
1R 0D[˰E
03D
0LQ˰E
03D
˰E
03D
--
03D
˞N8
N-P
˞N8
N-P
      
      
      
      
8VLQJHOHFWURQEHDPZHOGLQJ

7KH WHQVLOH WHVWV ZHUH FRQGXFWHG DFFRUGLQJ WR WKH VWDQGDUG*%7  7HQVLOH WHVW PHWKRG RQZHOGHG
MRLQWVVLPLODUWR,62ZLWKDJDXJHOHQJWKRIPP7KHEHQGWHVWVZHUHFRQGXFWHGDFFRUGLQJWRWKH
VWDQGDUG *%7  %HQG WHVW PHWKRG RQ ZHOGHG MRLQWV VLPLODU WR ,62   DQG WKH &KDUS\
SHQGXOXP LPSDFW WHVW ZDV FRQGXFWHG DFFRUGLQJ WR WKH VWDQGDUG *%7  0HWDOOLF PDWHULDOV  &KDUS\
SHQGXOXPLPSDFWWHVWVLPLODUWR,62$SRVLWLYHEHQGZDVXVHGDQGQRFUDFNZDVIRXQG)URP
WKHWHVWUHVXOWVLWZDVIRXQGWKDWWKHWHQVLOHVWUHQJWKRIWKHZHOGHGMRLQWVRI+5DQG-ZDVVLPLODUWRWKDWRIWKH
ZHOGHGMRLQWVREWDLQHGE\WKHHOHFWURQEHDPZHOGLQJRIWKHVROXWLRQLVHG-03D&KHQHWDO7KH˞N8
REWDLQHGIRUWKHZHOGHGMRLQWVRI+5DQG-ZDVVOLJKWO\VPDOOHUWKDQWKDWREWDLQHGE\WKHHOHFWURQEHDPZHOGLQJ
RIWKHVROXWLRQLVHG-
3.6. Porosity at different penetration statuses 
7KHSHQHWUDWLRQVWDWXVLQODVHUZHOGLQJKDVJUHDWLQIOXHQFHRQWKHSRURVLW\RIZHOGHGMRLQWV)LJ7KHZHOGHG
MRLQWV ZLWK IXOO SHQHWUDWLRQ KDG PLQLPXP SRURVLW\ UDWH WKH ZHOGHG MRLQWV ZLWK SDUWLDO SHQHWUDWLRQ KDG PHGLXP
SRURVLW\UDWHDQGWKHZHOGHGMRLQWVZLWKLQWHUPLWWHQWSHQHWUDWLRQKDGPD[LPXPSRURVLW\UDWH

 
)LJ;UD\UDGLRJUDSKLFSRURVLWLHVRIGLIIHUHQWSHQHWUDWLRQVWDWXVHVDEDFNZHOGDSSHDUDQFHE;UD\UDGLRJUDSK\
'LVFXVVLRQ
4.1. Effects of welding positions on weld appearance 
7KHHIIHFWRIWKHSRURVLW\UDWHRQWKHODVHUZHOGLQJRI+5DQG-DWWKH**DQGYHUWLFDOXSDQGYHUWLFDO
GRZQ*SRVLWLRQVLVLOOXVWUDWHGLQ)LJ)LJXUHLOOXVWUDWHVWKDWWKHZHOGLQJSRVLWLRQVKDGDQHYLGHQWLQIOXHQFHRQ
WKHZHOGLQJDSSHDUDQFHRQO\ZLWKKLJKOLQHHQHUJ\ZKLOHWKHHIIHFWRIORZDQGPHGLXPOLQHHQHUJLHVZDVQHJOLJLEOH
7KLVFDQEHH[SODLQHGE\WKHHVVHQWLDOHIIHFWRIJUDYLW\ZLWKODUJHUDQGORQJHUGZHOOLQJPROWHQSRRODW ORZSRZHU
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DQG ORZVSHHG KLJK OLQHHQHUJ\7KH ODVHUZHOGLQJDW WKH**DQG*SRVLWLRQV UHVXOWHG LQD IRUFHEDODQFH
EHWZHHQ JUDYLW\ DQG WKH /DSODFH SUHVVXUH ZKLFK ZDV VLPLODU WR WKH IRUFH EDODQFH GXULQJ WKH KLJK SRZHU ODVHU
ZHOGLQJRIWKLFNVHFWLRQV6KHQHWDO
$VIRUWKHKLJKOLQHHQHUJ\WKHZHOGDSSHDUDQFHDWWKHYHUWLFDOXS*SRVLWLRQZDVSUHIHUUHGIROORZHGE\WKH
YHUWLFDOGRZQ*SRVLWLRQDQG*SRVLWLRQWKHZHOGDSSHDUDQFHDWWKH*SRVLWLRQLVWKHZRUVW7KHZHOGHGMRLQWV
IURPWKHKLJKOLQHHQHUJ\DWWKH**SRVLWLRQVKDGDORZHUSRURVLW\UDWHWKDQWKRVHDWWKH*SRVLWLRQ7KLVFDQEH
DWWULEXWHGWRWKHPRUHVWDEOHNH\KROHVDWWKH*DQG*SRVLWLRQV7KHIORZEHKDYLRXUVRIWKHPROWHQSRROVGXULQJ
WKHODVHUZHOGLQJDWWKH**DQG*SRVLWLRQVDUHLOOXVWUDWHGLQ)LJ

)LJ6FKHPDWLFLOOXVWUDWLRQRIWKHIORZEHKDYLRXURIWKHPROWHQSRROVGXULQJWKHODVHUZHOGLQJDWD*E*FYHUWLFDOGRZQ*F
YHUWLFDOXS*
4.2. Effects of penetration status on porosity 
7KHSRURVLW\UDWHVIRUODVHUZHOGLQJDWGLIIHUHQWSHQHWUDWLRQVWDWXVHVGHPRQVWUDWHWKDWWKHZHOGHGMRLQWVZLWKIXOO
SHQHWUDWLRQKDG WKHPLQLPXPSRURVLW\ WKHZHOGHG MRLQWVZLWK SDUWLDO SHQHWUDWLRQKDGPRGHUDWH SRURVLW\ DQG WKH
ZHOGHGMRLQWVZLWKLQWHUPLWWHQWSHQHWUDWLRQKDGWKHPD[LPXPSRURVLW\
7KHSRURVLW\ UDWHRIZHOGHG MRLQWVGHSHQGVRQ WKUHH IDFWRUV WKHDPRXQWRISRUHVSURGXFHGGXULQJ WKH ODVHU
ZHOGLQJZKLFKLVUHODWHGWRWKHVWDELOLW\RIWKHPROWHQSRRODQGFROODSVHRIWKHNH\KROHVEHFDXVHRIWKHZHOGLQJRI
VDPHPDWHULDOV7KHRYHUIORZUDWHVRIWKHSRUHVVHDQGVROLGLILFDWLRQYHORFLW\RRIWKHPROWHQSRROZKHQWKH
SRUHVDUHFDSWXUHGE\WKHVROLGLILHGPHWDODQGUHPDLQLQWKHZHOGZKHQVHLVOHVVWKDQR7KHRYHUIORZSDWKRIWKH
SRUHV VXFK WKDW PRUH SRUHV UHPDLQ LQ WKH ZHOG ZLWK WKH ORQJHU SDWK 7KH PDLQ GLIIHUHQFH EHWZHHQ GLIIHUHQW
SHQHWUDWLRQVWDWXVHVLVWKHEDODQFHRIWKHNH\KROHVZKLFKOHDGVWRWKHDERYHWKUHHIDFWRUV
7KHEDODQFHRIWKHSUHVVXUHVLQNH\KROHVFDQEHH[SUHVVHGDVIROORZV2ODDQG'RHUQ
ghPPPP vr UJ  '    
ZKHUHPULVWKHUHFRLOSUHVVXUHPYLVWKHYDSRXUSUHVVXUHDQGǻPLVWKHJUDGLHQWLQSUHVVXUHGULYLQJWKHYDSRXURXWRI
WKHNH\KROH7KHVHIRUFHVWHQGWRPDLQWDLQWKHNH\KROHZKLOHWKHSUHVVXUHGXHWRWKHVXUIDFHWHQVLRQHIIHFWVPȖDQG
WKHK\GURVWDWLFSUHVVXUHȡOghȡOLVWKHGHQVLW\RIWKHOLTXLGPHWDOgLVDFFHOHUDWLRQGXHWRJUDYLW\DQGhLVWKHGHSWK
RI WKH NH\KROH WHQG WR FORVH WKH NH\KROHV 7KH NH\KROH DQGPROWHQ SRROV GXULQJ WKH ODVHU ZHOGLQJ DW GLIIHUHQW
SHQHWUDWLRQVWDWXVHVDUHVKRZQLQ)LJ
 
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
)LJ6FKHPDWLFLOOXVWUDWLRQRIWKHNH\KROHDQGPROWHQSRROVGXULQJODVHUZHOGLQJDWDSDUWLDOSHQHWUDWLRQELQWHUPLWWHQWSHQHWUDWLRQFIXOO
SHQHWUDWLRQ
7KHSDUWLDOSHQHWUDWLRQKDGWKHVKRUWHVWNH\KROHVZKLFKJUHZZLWKGHHSHUSHQHWUDWLRQZLWKPRUHSRUHVHQWUDSSHG
E\WKHFROODSVHRIWKHNH\KROHHQG7KLVFRQWULEXWHVWRLQFUHDVHGSRUHVZLWKLQWHUPLWWHQWSHQHWUDWLRQ)XUWKHUPRUH
ZKHQ WKHPROWHQSRRO UHDFKHG WKHEDFNVLGHRI WKHZHOGDW WKH LQWHUPLWWHQWSHQHWUDWLRQ WKHGHSWKRI WKHNH\KROHV
UHDFKHG WKHPD[LPXPYDOXHDQGKDGDVPDOOH[LWDW WKHEDFNVLGHZKLFK UHVXOWHG LQ WKH UHGXFHG P WKHJUDGLHQW
SUHVVXUH%HFDXVHRI VXFKD ORZP WKH OHIW VLGH LQ(TXDWLRQ FDQQRW VXSSRUW WKHPȖDQGK\GURVWDWLFSUHVVXUH 
ȡOgh7KLVFORVHVWKHRSHQNH\KROHDQGOHDGVWRDGHDGHQGNH\KROH0RUHRYHUWKHUHGXFHGǻPFDQQRWULVHUDSLGO\
HQRXJK DQGZLOO OHDG WR FROODSVH RI NH\KROH HQGVZKLFKZLOO EULQJ DERXWPRUHSRUHV WKDW DUH HQWUDSSHG LQZHOG
MRLQWV
7KHIXOOSHQHWUDWLRQKDGWKHORQJHVWNH\KROHVZKLFKOHGWRWKHKLJKHVWK\GURVWDWLFSUHVVXUHDQGȡOgh7KXVWKH
YDSRXUSUHVVXUHPYQHHGHGWREDODQFHWKHIRUPHUWZRIRUFHVPD\EHKLJKHU+RZHYHUWKHIXOOSHQHWUDWLRQDOVRKDV
DQ RSHQ NH\KROH DW WKH EDFN VLGH RI ZHOG VR WKDW WKH YDSRXU FDQ EH UHOHDVHG WKURXJK WKDW H[LW ZKLFK OHDGV WR
GHFUHDVHGPLQ(TXDWLRQ7KHGHFUHDVHGPWKHQOHDGVWRDQHDVLHUEDODQFHIRU3ȖDQGȡOghZKLFKUHVXOWVLQD
PRUHVWDEOHNH\KROH7KLVLVZK\IXOOSHQHWUDWLRQUHVXOWVLQWKHOHDVWSRUHV
&RQFOXVLRQ
7KHUHVXOWVRIWKHODVHUZHOGLQJRI+5DQG-FDQEHVXPPDUL]HGDVIROORZV
 7KH SRURVLW\ UDWHV LQ ODVHUZHOGLQJ RI+5 DQG -ZHUH FRPSDUHGZLWK HDFK RWKHU DW WKH * * DQG
YHUWLFDOXS DQG YHUWLFDOGRZQ * SRVLWLRQV 7KH ZHOGLQJ SRVLWLRQV KDG DQ HYLGHQW LQIOXHQFH RQ WKH ZHOGLQJ
DSSHDUDQFHRQO\DWKLJKOLQHHQHUJLHVIRUWKHHVVHQWLDOHIIHFWRIJUDYLW\RIWKHODUJHUDQGORQJHUGZHOOLQJPROWHQSRRO
$PRQJ WKH GLIIHUHQW FRPELQDWLRQV RI SURFHVVLQJ SDUDPHWHUV WR DWWDLQ IXOO SHQHWUDWLRQPHGLXP SRZHU DQG
VSHHGZHUHSUHIHUUHGZKLOHKLJKHUSRZHUDQGVSHHGKDGDORZHUZHOGZLGWKZLWKQDUURZRSHUDWLQJSDUDPHWHUV7KH
ZHOGDSSHDUDQFHZDVEDGDWORZHUSRZHUDQGVSHHGIRUORQJHUGZHOOWLPHVRIWKHPROWHQSRRO
)RUWKHODVHUZHOGLQJRIWKHVROXWLRQLVHGDQGDJHG-DQG+5DWWKH*SRVLWLRQDQGSDUWLDOSHQHWUDWLRQWKH
SRUHVZHUHORFDWHGDWWKHZHOGFHQWUHOLQHZKLOHWKHSRUHVDWWKH*SRVLWLRQZLWKIXOOSHQHWUDWLRQZHUHGLVWULEXWHG
RQWKHZHOGHGJHVUDWKHUWKDQDWWKHZHOGFHQWUH7KLVSKHQRPHQRQLVFRUUHODWHGZLWKWKHGLVWULEXWLRQRIWKHIORDWLQJ
VODJSURGXFHGE\WKHDJLQJKHDWWUHDWPHQWRI-
)XOONH\KROHSHQHWUDWLRQUHVXOWHGLQPLQLPXPSRURVLW\SDUWLDOSHQHWUDWLRQUHVXOWHGLQPRGHUDWHSRURVLW\DQG
SHULRGLFPROWHQSRROSHQHWUDWLRQ UHVXOWHG LQPD[LPXPSRURVLW\ 7KLVFRXOGEHDWWULEXWHG WR WKHNH\KROH VWDELOLW\
EHFDXVHRIGLIIHUHQWIRUFHEDODQFH
$FNQRZOHGJHPHQWV
7KHDXWKRUVDUHJUDWHIXOWRWKHILQDQFLDOVXSSRUWRIWKHSURMHFWIURPWKH1DWLRQDO1DWXUDO6FLHQFH)RXQGDWLRQRI
&KLQD 16)& XQGHU JUDQG1R DQG WKH NH\ SURMHFW RI GHYHORSPHQW IRXQGDWLRQ RI &KLQD$FDGHP\ RI
(QJLQHHULQJ3K\VLFV&$(3XQGHUJUDQG1R$
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